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[57] ABSTRACT 


A microwave direction finding antenna interface is 
disclosed which is capable of operating over multioc- 
tave bandwidth with an upper frequency limit exceed- 
ing forty gigahertz. The antenna, feed circuit/trans- 
former and arithmetic network have non-interrupted 
TEM electrical paths of strip transmission lines (strip- 
lines). Further, a process of fabricating the antenna, feed 
circuit/transformer and arithmetic network in conjunc- 
tion with the support means is described. 


11 Claims, 5 Drawing Figures 
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1 
DIRECTION FINDING ANTENNA INTERFACE 


BACKGROUND OF THE INVENTION 


1. Field of the Invention 

This invention relates to an antenna interface and a 
method of unifying the elements thereof and more par- 
ticularly, it relates to a broadband direction finding 
antenna interface wherein the components are so con- 
nected that the upper most operating frequency can 
exceed forty gigahertz. 

2. Description of the Prior Art 

Previous to this invention, the radio frequency de- 
tected by the direction finding antenna was transformed 
at each antenna arm termination to a semirigid coaxial 
transmission line and thereafter to an arithmetic net- 
work where appropriate signal processing occurred 
before the signal was sent to the guidance control sys- 
tem. Both the antenna arms and the arithmetic network 
were constructed of strip transmission lines (striplines). 
This resulted in two stripline-to-coaxial interfaces per 
antenna arm. Because of fabricating limitations, the 
phase and amplitude matching of coaxial lines, stripline- 
to-coaxial transitions, and coaxial connections con- 
strained the operating frequencies to those below eigh- 
teen gigahertz. 


SUMMARY OF THE INVENTION 


In the preferred embodiment, the direction finding 
antenna is a four-arm planar spiral antenna. The arms 
are striplines and are spirally disposed about a central 
area where the antenna arm output terminations are 
located. Each spiral arm output termination is unitarily 
connected to one stripline feed circuit/transformer. 
Each feed strip of the stripline feed circuit/transformer 
is unitarily connected to one stripline input of an arith- 
metic network. The arithmetic network utilized is of a 
peculiar design performing arithmetic operations upon 
the four input signals such as taking the difference or 
sum of the input signals. These processed signals pro- 
vide guidance information to a guidance control system. 
The peculiar shape of the striplines making up the arith- 
metic network is not critical to this invention, other 
than having four stripline inputs, and has been men- 
tioned to clarify understanding as to making and using 
this invention. The four feed strips of the feed circuit/- 
transformer serve to connect the antenna to the arith- 
metic network forming a four stripline-impedance 
transformer. Because the radiation impedance of the 
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the two radiation modes inherent in a four-arm spiral 
antenna direction finding system, the four stripline- 
impedance transformer optimizes the impedance match 
between the four-arm spiral antenna and the arithmetic 
network for each of the radiation modes. 

There are several objects of this invention. One ob- 
ject of this invention is the computer controlled produc- 
tion of all stripline circuits. Another object is a direction 
finding system with consistent and reliable operation 
which is critical if the direction finding system is used in 
a missile homing system. Another object is the highest 
possible fidelity signals. This is very critical since any 
significant distortion would interfere with the arithme- 
tic operations performed in the arithmetic network. 
Replacement of the coaxial lines between the antenna 
and the arithmetic network with the computer con- 
trolled generation of the four feed striplines signifi- 
cantly reduces signal distortion because stripline lengths 


35 


60 


65 


2 
and widths are computer controlled, discontinuities at 
the stripline-to-coaxial transition are removed, and dis- 
continuities at the coaxial coupling are eliminated. This 
elimination of the manual fabrication of coaxial lines 
and connectors also reduces cost. 


BRIEF DESCRIPTION OF THE DRAWINGS 


FIG. 1 illustrates a perspective view of the four-arm 
planar spiral direction finding antenna. 

FIG. 2 illustrates a perspective view of the feed cir- 
cuit/transformer support means being composed of the 
support pedestal, conical support/alignment guide and 
the feed aperture insert. 

FIG. 3 illustrates a plan view of the support means 
illustrated in FIG. 2. 

FIG. 4 illustrates a cross-sectional elevation view 
taken through line IV—IV of FIGS. 1, 2, and 3 after 
assembling the structures illustrated in FIGS. 1 and 2. 

FIG. 5 illustrates a block flow diagram of the direc- 
tion finding antenna system. 


DESCRIPTION OF THE PREFERRED 
EMBODIMENT 


FIG. 1 illustrates the pertinent region of a four-arm 
planar spiral direction finding antenna interface. Spiral 
arm 7 is composed of conductive material disposed 
upon first dielectric substrate 5. The exact dimensions of 
the stripline spiral arm such as spiral arm 7 are computer 
generated and the arms are proximally positioned about 
a central area. This central area is rectangular shaped 
feed aperture 9 as seen in FIG. 1. As illustrated in FIG. 
1, the output terminations of the spiral arms terminate at 
the edges of feed aperture 9. Feed aperture 9 is initally 
shaped as a rectangular parallelepiped in first dielectric 
substrate 5 but changes to a void shaped as a truncated 
right circular cone as illustrated in FIG. 4 so as to con- 
form in shape to the feed circuit/transformer support 
means of FIG. 2. Typical dimensions of the top surface 
of feed aperture 9 are noted as follows: If the width of 
the rectangular aperture is w, the length is three w. An 
equal number of the spiral arms terminate on the longest 
side of the rectangle. The approximate termination out- 
put width of the spiral arm is w in relation to the rectan- 
gle. A distance of w thus existing between the two spiral 
arm output terminations on the longest sides of feed 
aperture 9. In this invention w is equal to about 0.010 
inches. 

It is within the scope of this invention that a stripline 
antenna having any number of arms could be connected 
as shown and described. A two arm antenna would be 
shown by the elimination of any opposing pair of the 
four arms. The spiral configuration with four arms was 
a requirement dictated by the direction finding purpose. 

According to FIG. 2, the feed circuit/transformer 
support means for transferring the radio frequency sig- 
nal from the antenna to the arithmetic network are 
illustrated. The support means provide a rigid structure 
and provide a surface on which the stripline feed cir- 
cuit/transformer is disposed. 

Seimirigid coaxial lines have been used to connect the 
arithmetic network input terminations to the antenna 
output terminations. The cross-sectional area taken 
perpendicular to the center axis of the coaxial lines is 
approximately three times greater than in the present 
invention. This one improvement significantly increases 
the uppermost operating frequency limit of the direc- 
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tion finding system from eighteen gigahertz to well 
above forty gigahertz. 

As illustrated in FIG. 2, the stripline feed circuit/- 
transformer support means is composed of: 

support pedestal 27, consisting of a multi-trapezoidal 
shaped slab of second dielectric substrate 11 supported 
on each broad side by trapezoidal shaped blocks of third 
dielectric substrate 13 and fourth dielectric substrate 15; 

conical support/alignment guide 17, likewise consist- 
ing of second dielectric substrate 11 supported on each 
broad side by truncated conical extensions of third di- 
electric substrate 13 and fourth dielectric substrate 15; 

feed aperture insert 19, consisting solely of second 
dielectric substrate 11; and 

feed strip 21 of which only two of the four are shown 
in FIGS. 2 and 4. 

The four feed strips of the feed circuit/transformer 
serve to interconnect the antenna to the arithmetic net- 
work thus forming a four stripline-impedance trans- 
former. Because the radiaton impedance of the four-arm 
planar spiral antenna is different for each of the two 
radiation modes inherent in a four-arm spiral antenna, 
the four stripline-impedance transformer optimizes the 
impedance match between the four-arm spiral antenna 
and the arithmetic network for each of the radiation 
modes by controlling the exact widths, relative spac- 
ings, and lengths of the striplines. The four outside 
slanting surfaces of support pedestal 27 are covered by 
a conducting ground plane 23, illustrated in cutaway 
view in FIG. 2 for clarity in understanding the underly- 
- ing structure. Feed aperture insert 19 is in the shape of 
a rectangular parallelepiped. As noted above, the ap- 
proximate width is w and the length is three w. The 
- height is about three to five w. A cylindrical shape 

would not be appropriate since the striplines would 
have to be formed on a curved surface. This would 
significantly complicate the connection of feed strip 21 
‘to spiral arm 7 as well as the arithmetic network. Feed 
aperture insert 19 is an integral part of second dielectric 

~ substrate 11. Conical support/alignment guide 17 is in 
‘the shape of a truncated right circular cone. This cone 
is composed of second dielectric substrate 11, third 
dielectric substrate 13 and fourth dielectric substrate 15. 
The conical shape insures that the feed aperture insert 
19 is positioned correctly in feed aperture 9. It further 
provides structural support to first dielectric substrate 
5. Support pedestal 27 is also composed of second di- 
electric substrate 11, third dielectric substrate 13 and 
fourth dielectric substrate 15. The top of the truncated 
pyramid of support pedestal 27 serves to support first 
dielectric substrate 5, feed aperture insert 19 and conical 
support/alignment guide 17. The shape of these struc- 
tures must conform closely to the void formed in first 
dielectric substrate 5. This interface is illustrated in 
FIG. 4. 

FIG. 3 illustrates a plan view of the stripline feed 
circuit/transformer support means of FIG. 2. The dot- 
ted lines of FIG. 3 are the physical interfaces between 
second dielectric substrate 11, third dielectric substrate 
13, and fourth dielectric substrate 15. In this view, the 
tops of the four feed strips are shown, feed strip 21 being 
one. 

FIG. 4 illustrates a cross-sectional elevational view 
taken along line IV—IV of FIG. 1, FIG. 2, and FIG. 3 
after first dielectric substrate 5 is attached to the strip- 
line feed circuit/transformer support means. This cross- 
section is taken at the interface between second and 
third dielectric substrates 11 and 13 respectively. 
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FIG. 5 illustrates a block flow diagram of this inven- 
tion. Antenna 28 feeds signals to feed circuit/trans- 
former 29 which feeds the signals to arithmetic network 
31. The resulting control signals 35 are input into the 
guidance control systems. Transmission line 33 being 
one of four connecting antenna 28 to the feed circuit/- 
transformer 29. Second dielectric substrate 11 is shown 
as having the feed circuit/transformer 29 and arithmetic 
network 31 formed upon it. These stripline circuits are 
formed simultaneously or can be formed on separate 
dielectric substrates and then electrically connected. In 
the preferred embodiment, feed circuit/transformer 29 
and arithmetic network 31 are formed simultaneously 
upon one side of second dielectric substrate 11. The 
other part of feed circuit/transformer 29 and arithmetic 
network 31 is formed similarly upon the opposite side of 
second dielectric substrate 11. Critical electrical con- 
nections are thus minimized to the interfaces at antenna 
28 and the guidance control system. 

The feed circuit/transformer support means illus- 
trated in the preferred embodiment is one support 
means found to be operable. Other support means pro- 
viding a rigid structure and a support surface for the 
striplines would be mechanically equivalent to that 
disclosed. 

In the construction of the direction finding interface, 
several methods evolved that contributed to the effec- 
tiveness of this design. 

One of the first steps is the forming of first dielectric 
substrate 5 into a desired shape upon which antenna 28 
is etched. This is principally concerned with the form- 
ing of feed aperture 9. The void nearest spiral arm 7 
output termination is a rectangular parallelepiped into 
which feed aperture insert 19 is placed. The approxi- 
mate dimensions of this structure are noted in the above 
discussion about feed aperture 9. The void beneath is in 
the shape of a truncated right circular cone into which 
conical support/alignment guide 17 is placed. The top 
of the truncated pyramid, pedestal support 27, contacts 
the bottom surface of first dielectric substrate 5. A 
cross-section in FIG. 4 illustrates the physical interfaces 
of these structures. The above voids can be formed by 
machining or other conventional methods of removing 
dielectric material. 

After forming first dielectric substrate 5 in a desired 
shape upon which the antenna is to be disposed, antenna 
28 is etched upon a planar surface having a common 
plane with rectangular feed aperture 9. Spiral arm 7, as 
shown, is one arm of antenna 28. A photomask having 
the image of the antenna arms is positioned so that the 
arms terminate at the edge of feed aperture 9 in the 
manner illustrated in FIG. 1. Using conventional etch- 
ing techniques, the antenna arms, such as spiral arm 7, 
are etched upon first dielectric substrate 5. Though this 
method was found very suitable, perhaps some applica- 
tions might call for forming feed aperture 9 after etch- 
ing the antenna upon the dielectric. 

The feed circuit/transformer 29 must be electrically 
connected to antenna 28. The structure supporting feed 
circuit/transformer 29 is described next. Second dielec- 
tric substrate 11 is formed to a desired shape. The shape 
nearest antenna 28 is a rectangular parallelpiped as illus- 
trated by feed aperture insert 19 of FIG. 2. Attached to 
feed aperture insert 19 is a truncated prism sandwiched 
in the middle of conical support/alignment guide 17. 
Attached to this is another truncated prism sandwiched 
in the middle of pedestal support 27. Second dielectric 
substrate 11 can be machined or cut by any conven- 
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tional means which does not damage the substrate. Feed 
circuit/transformer 29 is then etched upon second di- 
electric substrate 11 as shown in FIG. 4. Feed strip 21 is 
one of two shown per side. 

The approximate design of stripline feed circuit/- 
transformer 29 is illustrated in FIG. 4. The exact 
widths, spacings, and lengths are controlled by an anal- 
ysis based upon microwave principles so as to impe- 
dance match antenna 28 to the arithmetic network 31. 
The desired design of feed circuit/transformer 29 opti- 
mizes impedance matching by controlling the widths 
and the lengths of the striplines. Because the radiation 
impedance of four-arm planar spiral antenna 28 is differ- 
ent for each of the two radiation modes inherent in a 
four-arm spiral antenna, the four-stripline-impedance 
transformer 29 optimizes the impedance match between 
four-arm spiral antenna 28 and arithmetic network 31 
for each of the radiation modes. Photomasks having the 
images of the stripline feed circuit/transformer are posi- 
tioned so that the input terminations of feed strip 21, 
being one of four, are correctly positioned on feed aper- 
ture insert 19 as illustrated in FIGS. 2, 3, and 4. Stripline 
feed circuit/transformer 29 is etched upon second di- 
electric substrate 11 using conventional etching tech- 
niques. 

In order to simplify construction of the direction 
finding antenna interface and also preserve signal fidel- 
ity, second dielectric substrate 11 can be extended to 
include arithmetic network 31. Photomasks containing 
the images of both stripline feed circuit/transformer 29 
and arithmetic network 31 can be made. These can be 
positioned as noted above. If this preferred method is 
used, the step of electrically connecting stripline feed 
circuit/transformer 29 to arithmetic network 31 is elimi- 
nated. Nevertheless, should the arithmetic network be 
not suitably disposed for direct integration with the feed 
network/transformer (for example, an existing arithme- 
tic network may be essentially planar, such as when 
designed using conventional microstrip techniques), the 
two circuits can still be electrically joined with suitable 
conductor ribbons and thus gain most of the beneficial 
properties of the method. 

After stripline feed circuit/transformer 29 and arith- 
metic network 31 are etched upon second dielectric 
substrate 11, third and fourth dielectric substrates 13 
and 15 are formed to a shape to fit upon the opposite 
sides of second dielectric substrate 11. Their approxi- 
mate shapes are illustrated in FIGS. 2 and 3. After the 
bonding of second dielectric substrate 11 to third and 
fourth dielectric substrates 13 and 15, the support means 
shape is formed to securely fit within the voids of first 
dielectric substrate 5 as described above. 

Ground plane 23 is secured fixedly by suitable bond- 
ing such as glue to the slanting sides of pedestal support 
27. 

At this point in the process, support means composed 
of second dielectric substrate 11, third dielectric sub- 
strate 13 and fourth dielectric substrate 15 is secured to 
first dielectric substrate 5 by bonding with a suitable 
glue. 

Feed strip 21, being one of four, is electrically con- 
nected to spiral arm 7 by conventional soldering or 
welding. The arithmetic network if formed as noted 
above is then electrically connected to the guidance 
control system. 

The foregoing description taken together with the 
appended claims constitute a disclosure such as to en- 
able a person skilled in the electronic and microwave 
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arts having benefit of the teachings contained therein to 
make and use the invention. Further, the structure and 
process herein described generally constitute a meritori- 
ous advance in the art unobvious to such an artisan not 
having the benefit of these teachings. 

What is claimed is: 

1. A direction finding antenna interface for receiving, 
impedance transforming, and transmitting signals to an 
arithmetic network comprising: 

antenna means having a plurality of arms for receiv- 
ing signals; 

a stripline feed circuit/transformer connected be- 
tween the antenna means and the arithmetic net- 
work for impedance optimization of the different 
radiation modes by controlling the widths, lengths, 
and the spacings of the striplines; and 

stripline feed circuit/transformer support means con- 
nected to the antenna means for fixedly holding the 
stripline feed circuit/transformer between the an- 
tenna means and the arithmetic network. 

2. A direction finding antenna interface as in claim 1, 
wherein the plurality of arms of the antenna means is 
limited to four arms. 

3. A direction finding antenna interface as in claim 1, 
wherein each arm of the plurality of arms comprises a 
ribbon strip of conductive material disposed upon a first 
dielectric substrate. , 

4. A direction finding antenna interface as in claim 1, 
wherein the stripline feed circuit/transformer com- 
prises a plurality of feed strips. 

5. A direction finding antenna interface as in claim 4, 
wherein the plurality of feed strips comprises four feed 
strips, each feed strip being a ribbon of conductive ma- 
terial disposed upon a second dielectric substrate. 

6. A direction finding antenna interface as in claim 1, 
wherein each arm of the plurality of arms is positioned 
in a common plane, each arm of the plurality being 
unitarily connected respectively to one feed strip of the 
stripline feed circuit/transformer. 

7. A direction finding antenna interface as in claim 1, 
wherein the stripline feed circuit/transformer support 
means comprises: 

a dielectric substrate to fixedly hold the arithmetic 
network in addition to the feed circuit/trans- 
former. 

8. A method of constructing a direction finding an- 
tenna interface having an antenna with a plurality of 
arms, a stripline feed circuit/transformer with a plural- 
ity of feed strips and an arithmetic network disposed 
upon support means comprising the steps of: 

forming the first dielectric substrate upon which the 
antenna is disposed; 

etching the antenna upon the first dielectric substrate; 

forming a second dielectric substrate in a shape upon 
which the stripline feed circuit/transformer is dis- 
posed; 

etching the stripline feed circuit/transformer upon 
the opposite sides of the second dielectric substrate, 
the stripline feed circuit/transformer being de- 
signed to optimize the impedance matching be- 
tween the antenna and the arithmetic network; 

forming a third and fourth dielectric substrate in a 
shape to be attached to each broad side of the sec- 
ond dielectric substrate; 

securing fixedly to each other the second, third and 
fourth dielectric substrates; 

securing fixedly ground plane means to the first, sec- 
ond, third and fourth dielectric substrates; 
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securing fixedly the first dielectric substrate to the 
second, third, and fourth dielectric substrates; 

electrically connecting the stripline feed circuit/- 
transformer to the arms of the antenna; and 

electrically connecting the stripline feed circuit/- 
transformer to the arithmetic network. 

9. A method of constructing the direction finding 
antenna interface as in claim 8, wherein after the step of 
etching the antenna the following step is performed 
rather than in the first step: 

forming an aperture through the first dielectric sub- 

strate so that the plurality of arms terminate at the 
edge of the aperture. 

10. A method of constructing the direction finding 
antenna interface as in claim 9, wherein the forming of 
the aperture comprises the step of: 
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cutting the aperture firstly as a rectangular parallel- 
epiped in the first dielectric substrate so that one 
half of the number of the arms respectively termi- 
nate on opposite rectangular sides, so that the two 
other opposite sides are without arm terminations. 
11. A method of constructing the direction finding 
antenna interface as in claim 8, comprising the steps of: 
forming the second dielectric substrate in a shape 
upon which the stripline feed circuit/transformer 
and arithmetic network are disposed; and 
etching simultaneously the stripline feed circuii/- 
transformer and the arithmetic network upon the 
second dielectric so that the step of electrically 
connecting the stripline feed circuit/transformer to 
the arithmetic network is already accomplished by 


appropriate etching means. 
x * * * 


